Human umbilical-vein endothelial cells stimulated with thrombin or histamine show an increase in [Ca2], (cytoplasmic free calcium concn.) that is maintained well above the basal pre-stimulated value as long as agonist and a source of extracellular Ca2" are present. These results provide circumstantial evidence that agonists stimulate influx of Ca2" across the plasma membrane and into the cytoplasm. Here, we have used Mn2" as the extracellular bivalent cation which can bind to the fluorescent Ca2" indicator fura-2 to quench its fluorescence completely. Human umbilical-vein endothelial cells were loaded with fura-2 and, in the presence of extracellular Mn2+, thrombin and histamine were shown to cause quenching of the intracellular dye. This result demonstrates conclusively that agonists can stimulate the influx of bivalent cations. Stimulated discharge of Ca2" from intracellular stores and influx of Mn2" were temporally resolved in the same cells to show that release of Ca2" from intracellular stores clearly precedes influx. Influx of Mn2" was also demonstrated when extracellular Mn2" was added after agonist at a time when [Ca2+]i had fallen back to the basal value, showing that influx is not dependent on elevated [Ca2]i.
INTRODUCTION
When endothelial cells (from bovine or pig aortae, or human umbilical vein) loaded with the fluorescent Ca2l-indicator dyes quin2, fura-2 or indo-1, are stimulated with histamine, bradykinin, thrombin, adenine nucleotides or PAF, an increase in [Ca2"], is observed [1] [2] [3] [4] [5] [6] [7] . [3, 7] . There are exceptions, however, where the maintained rise in [Ca2"], is very small or absent;
these observations are particularly apparent with ATP and PAF, receptors for which typically desensitize relatively rapidly (see e.g., [2] Time (min) [7] ), and the coverslips containing confluent monolayers of cells were mounted across the diagonal of quartz cuvettes which were placed in the cuvette holder (thermostatically maintained at 37°C) of a dual-excitation-wavelength Spex spectrofluorimeter. The cells were bathed and stimulated in a physiological saline consisting of 145 mM-NaCl, 5 mM-KCI, I mM-MgSO4, 10 mM-Hepes, 10 mM-glucose, pH 7.4 at 37 'C; 1 mMCaCl2, 1 mM-EGTA, MnCl2 or NiCl2 were added to the cuvette as indicated and as specified in the Figures and their legends. In Fig. 1 , [Ca2+]1 was calculated as previously described [7] . Cytoplasmic dye concentrations were typically 50-100 4M. All fluorescence records are typical of at least four others.
RESULTS
Fig. l(a) shows the effect of thrombin ( the agonist by using a specific antagonist (i.e. mepyramine specifically antagonizes the effect of histamine at the Hi-receptor) (Fig. lb) .
Fig. 2 shows raw fluorescence traces (500 nm emission) at two excitation wavelengths (340 and 360 nm) from fura-2-loaded monolayers of confluent human umbilicalvein endothelial cells. Fig. 2(a) shows the effect of thrombin in the presence of 1 mM-Ca2". After Mn2" binds to fura-2 and quenches its fluorescence at all excitation wavelengths. In Fig. 2(b Fig. 3(b) shows the effect of addition of Mn2+ (100,tM) before thrombin. The fura-2 fluorescence at both 340 and 360 nm excitation begins to decline slowly after addition of extracellular Mn2+, suggesting that Mn2+ is gradually leaking into the cells and quenching the fura-2 fluorescence. Addition of thrombin in the presence of Mn21 (100,uM) results in a rapid increase in fluorescence at 340 nm (as Ca2" is released from intracellular stores); however, the rise in fluorescence now appears smaller and shorter-lived than in the absence of Mn2+, and then begins to decline rapidly to a final value well below the resting value. This thrombinstimulated quench of fura-2 fluorescence is more clearly demonstrated at 360 nm, where the fluorescence is unaffected by concomitant MnCI2, thrombin and ionomycin were as stated above.
Ni2+, which also quenches fura-2 fluorescence, has no effect on the fluorescence at 360 nm (Fig. 2b) . Fig. 3(c) shows the effect of Ni2+ at the same concentration that blocked the thrombin-stimulated maintained elevation in [Ca2+], (Fig. 2) . Addition of Ni2+ (2mM) in the presence of Mn2+ (100,/M) blocks the thrombin-stimulated quench in fluorescence (Fig. 3c) . Under these conditions, the fluorescence is only quenched when ionomycin is subsequently added. was added extracellularly I min before the addition of agonist. When thrombin is added (Fig. 4a) , the 340 nm trace increases 1-2 s after the addition of agonist and clearly precedes any decrease in the fluorescence signal detected at 360 nm excitation. This result shows that the elevation in [Ca2+]i caused by the discharge of Ca2" from the intracellular store precedes the stimulated quench of the dye caused by influx of Mn2" through the bivalentcation entry mechanism. It is clear that the onset of any response to thrombin occurs after a 1-2 s delay. With histamine (Fig. 4b) has allowed us to demonstrate more directly an agoniststimulated bivalent-cation influx in response to both thrombin and histamine. Our data also clearly show that \\ thrombin stimulation of the discharge of Ca2`from intracellular stores precedes the influx of Mn2+, and presumably therefore the influx of Ca2+, across the generally faster, and we were not able to resolve any Time (min) difference in the times of onset of the two responses.
Since maximally effective concentrations of both channel blockers such as D600 [8] suggests that the mechanism for agonist-stimulated bivalent-cation entry in the endothelial cell may be through some form of entry mechanism distinct from the L-type voltage-operated no obvious delay before a stimulated Mn2+ influx can be channel. This is supported by observations made by us detected. The resolution of the system is not adequate to [1] and others [3, 5] (Fig. 4b) .
mechanism. Fig. 5(a) [18] . That result is consistent with the model proposed by Putney [19] , where stimulated influx occurs as a consequence of the partial or complete discharge of an intracellular store. Here we have shown that Mn2" influx can be stimulated across the endothelial-cell plasma membrane, showing that the entry mechanism is similar, in this respect, to that in platelets.
However, it appears (Fig. 4) that the thrombin-stimulated influx of Mn2" occurs after discharge of Ca2l from the intracellular store has commenced. This result is clearly different from stopped-flow studies with ADP-stimulated platelets, where Mn2+ entry precedes the discharge of Ca2" from intracellular stores [20] . These results suggest that the Ca2"-entry mechanism in endothelial cells is different again from that of both platelets and parotid acinar cells.
